The incidence of stroke in a group of 499 treated hypertensive patients was closely related to the adequacy of control of hypertension. This trend was independent of the level of diastolic blood pressure at presentation, and differed markedly from the incidence of myocardial infarction and angina pectoris which did not vary with adequacy of control.
Introduction
The benefits of antihypertensive therapy in reducing the mortality from certain complications of hypertension are now well established. Improved prognosis in respect of the malignant phase was demonstrated by Morrison (1953) and quickly confirmed by Rosenheim (1954) , Schroeder (1954) and McMichael & Murphy (1955) . Simultaneously, Smirk (1953) showed an improved prognosis in respect of congestive cardiac failure amongst treated hypertensive patients. Although the benefits of treating non-malignant hypertension are less welldefined, all would now agree that treatment of hypertension in the young and middle-aged is effective in lowering the mortality rate (Hodge, McQueen & Smirk, 1961) and in the prevention of complications of hypertension, particularly stroke (Hamilton, Thompson & Wisniewski, 1964; Veterans Administration Co-operative Study Group, 1967) . In this study we review the incidence of stroke and certain other vascular complications of hypertension amongst a group oftreated hypertensive subjects, and correlate the findings with the quality of control of hypertension.
Patients and methods
The patients were drawn from a total of 499 treated hypertensive subjects in whom there was no evidence of established cerebral vascular disease at the time of presentation. The need for treatment was determined solely by the severity of the hypertension or its complications. Most patients received a thiazide diuretic, either alone or in combination with other antihypertensive agents such as methyldopa, bethanidine, clonidine, debrisoquine, or in the earlier days, ganglion blocking agents. All patients were followed up in the out-patient clinic, at which time they were seen by the same physician or his registrar, and the blood pressures were recorded in the lying and standing positions using the standard sphygmomanometer. The control of blood pressure during the period of follow up has been graded in an arbitrary manner as follows:
Good control; mean standing diastolic blood pressure less than 100 mmHg.
Fair control; mean standing diastolic blood pressure between 100 and 109 mmHg.
Poor control; mean standing diastolic blood pressure 110 mm Hg or more.
The patients were followed for periods of up to 12 years with a mean follow up time of 48 months, during which time seventy-four of them (14.8%.) developed a stroke, of whom forty-three were male, thirty-one female.
The type of stroke was classified clinically as follows:
(1) Subarachnoid haemorrhage; diagnosis confirmed by examination of the cerebrospinial fluid (three patients). (2) Transient cerebral ischaemic attack-a transient focal disturbance-recovering fullywithin 24 hr (seven patients). (3) Major persistent stroke; a hemiplegia or hemianaesthesia with incomplete recovery producing some persistent impairment of function of one or both limbs (thirty-six patients). (4) Minor persistent stroke; leaving some impairment of function so trivial as not to disable the patient during his normal activities (twenty-two patients).
(5) Mental change; progressive mental deterioration without focal neurological signs (six patients). The mean age at presentation of the patients who later developed a stroke was 55 years, and there was no significant difference in this respect between the males and the females within any of the groups of control of blood pressure. The patients showed the usual mixed aetiology of the hypertension and the complications found at presentation were those usually seen in any group of hypertensive subjects of similar size (Table 1) .
The mean standing diastolic blood pressure at presentation of those patients who later developed a stroke was 111 mmHg in the good control group, 123 mmHg in the fair control group, and 135 mmHg in the poor control group (Table 2) .
Of the seventy-four patients who developed a stroke during the period of follow-up, early death (i.e. within 3 months) occurred in twenty-eight patients, in nineteen of these as a result of the stroke, and in nine from other causes. Ten patients were lost to follow-up and thirty-six have continued to attend the out-patient clinic.
Results
Of the 499 hypertensive patients under treatment, there were 301 with good control of hypertension, of whom twenty-two developed a stroke (7y.). There were 149 patients in whom control of the hypertension was considered fair, of whom twenty-five developed a stroke (17%), and there were forty-nine patients in whom the control of the hypertension was poor and of these twenty-seven developed a stroke (55%/) (Table 3, Fig. 1 ).
Not only was the incidence of stroke much lower in those with good control of the hypertension, but also the proportion of patients developing their stroke within 2 years of starting treatment differed greatly in the three groups of control. Of those with good control of hypertension only 2% of the patients had their stroke within 2 years. Of those with fair control of hypertension 5°/, and of those with poor control 23%4, developed their stroke during the same period.
Although this provides strong evidence that the incidence of stroke is closely related to the degree of control of hypertension, an alternative possibility is that the incidence of stroke depends on the severity of the hypertension at the time of starting treatment. To investigate this further the patients were divided according to the level of blood pressure recorded at presentation (Table 4 ). Within these divisions the incidence of stroke was considered in relation to the subsequent control of blood pressure in the way already outlined. Although this shows a higher incidence of stroke in those patients with the highest levels of presenting diastolic blood pressure, the increased incidence of stroke amongst those with poor control of hypertension is even more apparent, (60) 2 (3%) >130 118 Fair (41) 12 (41%) Poor (17) 12 (70%) 36-000* *P= < 0-001.
to a high order of statistical significance. This indicates a close correlation between control of blood pressure and incidence of stroke and that the most important factor in prevention of stroke is the quality of control of the hypertension after starting treatment rather than its manometric severity at presentation.
The incidence of heart failure in those patients with good control of hypertension was 1% compared with 8%y in those patients with poor control. There was, however, little difference in the incidence of myocardial infarction or of angina pectoris in the three groups of control of blood pressure (Table 3 , Fig. 1 ).
Discussion
In the majority of the patients under treatment for hypertension it was possible to maintain good control with standing diastolic blood pressures maintained below 100 mmHg. However, in 40°4 of the patients in the present series, this ideal could not be achieved and in 1O% it proved impossible to maintain any satisfactory form of control. There are many possible reasons for this, and it is not the purpose of this paper to investigate these reasons, but certainly the presenting diastolic blood pressure was lower in those who were subsequently well controlled (Table 2 ) and so possibly they were suffering from a less severe form of hypertension.
Although Table 4 does suggest an increasing liability to stroke with rising levels of diastolic blood pressure before starting treatment, the difference in the incidence of stroke between the three groups of control of blood pressure is even more apparent, and this is strong evidence that the incidence of stroke is more closely related to the adequacy of treatment rather than the severity of the hypertension at presentation.
The demonstration by Ross Russell (1963) of the miliary aneurysms affecting the small perforating cerebral vessels, originally described by Charcot & Bouchard (1868) , leaves no doubt that this is the lesion principally responsible for cerebral haemorrhage occurring in hypertensive subjects. The incidence of stroke in this series contrasts strikingly with that of other vascular complications and Fig. 1 shows that the adequacy of antihypertensive treatment has little apparent influence over the incidence of angina and myocardial infarction. This discrepancy implies a different vascular lesion responsible for cerebral and coronary artery disease in hypertensive subjects and it is reasonable to suppose that the benefits of antihypertensive therapy result from the reduction of either the formation or the rupture of these aneurysms.
In patients presenting with severe manometric hypertension the value of early treatment in reducing the incidence of strokes has been well defined by therapeutic trials reported almost a decade ago (Hamilton et al., 1964) . The present study indicates that treatment of hypertension, particularly if that treatment is effective in maintaining a mean level of diastolic blood pressure below 100 mmHg, greatly reduces the incidence of cerebral vascular attacks; in this study from 55°/ in those with poor control to 7XO in those with good control.
